Background: Cancer has become a global health problem. China still suffers continuous increasing cancer mortality. To study the trend of cancer mortality in rural China, this paper established an Age-Period-Cohort model to discuss the age effect, period effect and cohort effect on cancer mortality in rural China.
Introduction
Generally, cancer mortality is increasing continuously, and becomes the second leading cause of death in developed countries and third leading cause of death in developing countries [1] . It was estimated that there were 12.7 millions of new cancer cases and 7.6 millions of cancer deaths around the world in 2008. Among them, 56% new cases and 63% deaths were contributed by underdeveloped regions [2] . With the continuous increase and aging of world population, cancer mortality is expected to further increase [2, 3] . Although cancer became a disease burden in developed regions firstly, cancer mortality in other places is expected to exceed that in developed regions in the future [4] . Cancer mortality in some underdeveloped or economic transitional regions such as Africa and Asia is still increasing [5] . It is estimated that in 2020, developing countries and emerging industrialized countries will suffer the quickest growth of cancer mortality, while some western countries will decrease cancer mortality as they adopted tobacco resistance and healthy lifestyle [1] .
As a large population country in the world, China accounts for 1/4 of the total cancer deaths with quick increasing cancer mortality. This will absolutely bring great impact on the global variation trend of cancer and cancer burden, thus deserving deeper studies [6, 7] . Some research compared the cancer mortality in developed countries and developing countries, reporting that cancer mortality in China has both characteristics of developed countries and developing countries [8] . According to the "2012 Annual Report of Cancer in China", incidence rate, mortality risk and younger patient proportion of cancer all increased during the past two decades. It is estimated an annual increase of 3.12 millions of cancer cases and a daily increase of 8,850 cancer cases in China. Furthermore, there are 6 persons diagnosed as malignant cancer per minute. Furthermore, 22% of Chinese residents are at the risk of cancer [9, 10] . It is predicted that the malignant cancer incidence and mortality in China will continue to increase in the next two decades [11] . Malignant cancer not only has become a serious disease that threatens people's survival and social development in China, but also brings heavy burden for both families and the society [12] .
With the increasing cancer burden in China, the different trend of cancer mortality in China has attracted increasing attentions from researchers. There are researches on selected cancer mortality for limited populations and time periods (e.g. lung cancer, nasopharyngeal cancer, stomach cancer, esophagus cancer, liver cancer, breast cancer and cervical cancer), and also researches on the cancer mortality in special regions (e.g. Shandong, Henan, Hebei, Taiwan and Hong Kong) [13] [14] [15] [16] [17] [18] [19] [20] [21] . Furthermore, there are three major researches focusing on the national cancer mortality [22, 23] . However, they failed to give the cohort effect analysis or the whole cancer variation trend analysis in a long history perspective. To make a national plan of time-sensitive and purposeful cancer prevention planning as well as effect evaluation of existing measures, a latest comprehensive evaluation on cancer mortality is needed [24] .
In this paper, the age effect, period effect and cohort effect were discussed by establishing an APC model. A statistical analysis on the cancer mortality of 0-84 year old from1990 to 2010 was carried out in rural China, involving total cancer mortality, malignant cancer mortality, benign cancer mortality and other cancer mortality. The period effect (since 1990) and cohort effect (since 1906) on cancer mortality were explored on the basis of age effect. Key attentions were paid to the analysis of cohort effect, including level and variation rate of cohort effect. The systematic analysis on the research results not only lays foundation for discussing the relationship between social development and cancer burden, but also can assist to explore the influence factors of cancer incidence and development. The research results can be served as scientific references for making national cancer prevention.
Methods

Data source and processing
Data were collected from the "China Health Statistical Yearbook" of 1990 Yearbook" of , 1995 Yearbook" of , 2000 Yearbook" of , 2005 Yearbook" of and 2010 . The mortality statistics of these five years enjoy high reliability and authority. Data of 2000 is not available, mean scores of 1999 and 2001 are used to substitute for it. Furthermore, mortality statistics were based on an age group of five years old. The APC model requires death statistics per five years. Among the involved data, agespecific cancer mortality took the cancer mortality in age statistics of the year/census population of the year × 1/100,000 as the proportionality coefficient. Originally, mortality statistics about 0 year old and 1-4 years old were independent from each other. However, these two age groups were integrated in this paper for Age-Period-Cohort (APC) model analysis (5-year a group). The last population census before 1990 was carried out in 1982, which can't be input in APC model.
Only data from Group 0-4 to Group 80-84 were applied. Data above 85 years old in the "China Health Statistical Yearbook" were integrated into one age group which also involving those above 89 years old. Therefore, this age group couldn't be used for APC model analysis.
Statistical analysis of APC model
Since APC model can explore age effect, period effect and cohort effect from the observed age-specific death data, it is widely applied in sociological, demographical and epidemiologic studies [25] . In this paper, the latest Intrinsic Estimation (IE) algorithm in the APC model that had been confirmed as estimability, non-bias, validity and asymptotic was applied [25] . Currently, the IE algorithm has been used to study human mortality and disease incidence in developed countries and regions.
The In this paper, data were analyzed through the apc_ie that was specially designed for IE algorithm of APC model [25] . The data-model fitting degree was evaluated by fitting deviance, AIC and BIC. The standard error (SE) of every model coefficient was calculated. Additionally, odds ratio was calculated from estimated model parameters, which represented the mortality level. The mortality change was expressed by the difference of odds ratio before and after the birth cohort.
Results
The age, period and cohort-based variation of cancer mortality Age-based variation of cancer mortality
The variation of cancer mortality in rural China in 1990 China in , 1995 China in , 2000 China in , 2005 and 2010 with age was shown in Figure 1 . Firstly, the total cancer mortality risk increased with age. Before 20 years old, the cancer mortality risk was lower without obvious change ( Figure 1 ). Combined with the "China Health Statistical Yearbook", it is easy to find that Group 0-4 suffers the highest cancer mortality risk, which fluctuated with ages. The cancer mortality risk increased at a steady speed after 20 years old. Before 75 years old, the increase of cancer mortality accelerated as growing elder. However, after 75 years old, the increase of cancer mortality risk in 1990 and 1995 slowed down and the slope of corresponding broken line decreased in Group 70-74 ( Figure 1 ). The cancer mortality risk of Group 80-84 decreased in 2000 and 2005, quicker in 2005. However, the total cancer mortality in 2010 presented a sharp increase from 7.18/100,000 of Group 20-24 to 1356.30/100,000 of Group 80-84.
Malignant cancer mortality accounts for about 90% of the total cancer mortality in all years and among all age groups. This is why malignant cancer mortality varied similarly with total cancer mortality. The following statistical results, including period effect, cohort effect, APC model analysis results and change rate of cohort, also showed similar variation law. Therefore, the malignant cancer mortality wasn't analyzed independently to every result.
Benign cancer mortality was relative lower, peaking at only (5.30/100,000) of Group 80-84 in 2010. It decreased from Group 0-9 and then fluctuated gently. However, it showed a wave growth after 35 years old and fluctuated more violently in older groups. Additionally, other cancer mortality was even lower except for some age groups, such as Group 75-79 in 2010 (6.25/100,000). The benign cancer mortality risk decreased from Group 0-9 and then its broken line became close to the X-axis. However, it increased significantly after 35 years old and showed a wave growth after 65 years old. The most violent fluctuations were in 2005 and 2010.
Period-based variation of cancer mortality
The cancer mortality variation of different age groups from 1990 to 2010 was shown in Figures 2 and 3. Figure 2 showed the cancer mortality of 0-39 years old, while Figure 3 showed the cancer mortality of 40-84 years old. Except for Group 5-9 and Group 55-59 that decreasing continuously, the cancer mortality of rest age groups fluctuated differently. The comparative analysis on the cancer mortality of age groups in different years demonstrated that the cancer mortality risk of Group 80-84 and Group 75-79 increased significantly during 2005-2010 and 2000-2010 respectively, while that of rest age groups changed gently. The cancer mortality risk of Group 80-84 increased by 65.17% from 821.16/100,000 in 2005 to 845.02/100,000 in 2010, showing an annual average growth of 13.03%. The cancer mortality risk of Group 75-79 increased by 32.17% from 845.02/100,000 in 2000 to 1116.89/100,000 in 2010, showing an annual average growth of 3.22%. Viewed from the cancer mortality variation from 1990 to 2010, Group 0-4 increased slightly and Group 75-79 as well as Group 80-84 increased significantly, while the rest age groups decreased. The malignant cancer mortality wasn't analyzed specially due to its similar variation law with that of total cancer mortality.
No obvious variation law of benign cancer mortality was observed in Figures 2 and 3. Different age groups exhibited different variation laws. However, the benign cancer mortality fluctuated more violently during 2000-2010 than that during 1990-2000. The benign cancer mortality risk showed a V-shaped variation trend from 2000 to 2010, while the benign cancer mortality risk was close to the X-axis from 1990 to 2000. Other cancer mortality risk changed gently during 1990-2000 but increased during 2000-2010.
Cohort-based variation of cancer mortality
A cohort-based chart of age-specific mortality was drawn to make an intuitive evaluation of the birth cohort effect. The cohort-based variation of age-specific cancer mortality was shown in Figures 4 and 5. Different age groups showed different cohort-based variations of total cancer mortality. Except for Group 5-9 and Group 55-59 that decreasing continuously, the cancer mortality of all age groups fluctuated with the change of cohort year. Generally speaking, younger groups suffered less cancer mortality risks than older groups. The cohortbased variation of different types of cancer mortality will be discussed in the following text through APC model.
APC model analysis results of cancer mortality
Age effect, period effect and cohort effect can be explored through APC model, thus enabling to study the impact of independent factors on the variation of cancer mortality. The APC model analysis results of age-specific cancer mortality were listed in Table 1 .
Age effect
In Table 1 and Figure 6 , the coefficient of cancer mortality estimation showed a V-shaped variation trend with ages. Group 5-9 has the lowest cancer mortality. This coefficient decreased by 1.2682 from Group 0-4 to Group 5-9 and the corresponding mortality risk reduced by 71.87%. The mortality risk of Group 75-79 was more than 38 times than that of Group 5-9. From Group 5-9 to Group 75-79, the growth rate of mortality increased firstly and then decreased, reaching the peak at Group 30-35, 77.45% higher over the previous year. The mortality reduced from Group 75-79 to Group 80-84.
The benign cancer mortality of younger population decreased firstly and then increased. The minimum coefficient of age effect estimation was in Group 20-24. Other cancer mortality in rural China represented a wave increase with the growth of age.
Period effect
The period effect on the total cancer mortality was estimated to increase according to Table 1 and Figure 7 . The period effect on benign cancer mortality generally decreased. According to Table 1 , the coefficient of estimation increased by 0.0984 from 1995 to 2000 and the corresponding mortality increased by 10.34%. However, such coefficient decreased by 0.4649 from 1990 to 2010 and the corresponding mortality risk reduced by 37.18%. The greatest decrease of mortality was occurred during 1990-1995 and 2005-2010. The coefficient of estimation of period effect on other cancer mortality changed significantly, which increased firstly and then decreased. It decreased by 0.3972 from 1990 to 1995 and then increased by 2.1975 from 1995 to 2010, showing a growth of more than eight times.
Cohort effect
The cohort effect on cancer mortality was shown in Figure 8 . The total cancer mortality risk decreased by 84.94% from the birth year of 1906 to 2010. There were three rises of birth cohort effect from 1906 to 2010. The first rise was from 1916-1920 to 1926-1930, reaching the peak with a growth of 0.0802 (odds ratio = 1.0835). 
Comparison of different estimated effects of APC model on cancer mortality
To make a more intuitive comparison of age, period and cohort effects estimated by APC model on different cancers, these three effects were converted to be initiated from 0. The converted age, period and cohort effects estimated by APC model from the total cancer mortality and different cancer mortalities were shown in Figure 9 . The age effect on the total cancer mortality decreased firstly and then increased, reaching the bottom at Group 5-9. The age effect on all of these three cancer mortalities represented a typical V-shaped trend. However, the coefficient of estimation of other cancer mortality fluctuated more violently, especially at younger groups. Furthermore, it decreased significantly after 70-74 years old. The estimation coefficient of benign cancer mortality also fluctuated at younger groups and increased continuously after 20-24 years old. The estimation coefficient of malignant cancer mortality decreased before nine years old and then increased stably until 79 years old.
The broken line of period effect on the total cancer mortality basically extended towards the horizontal direction until the significant increase of estimation coefficient in 2005. The malignant cancer mortality, benign cancer mortality and other cancer mortality had different variation laws. The broken line of malignant cancer mortality changed similarly with that of total cancer mortality. The coefficient estimation of benign cancer mortality increased continuously to get close to the broken line of total cancer mortality during 1990-2005, but began to decrease after 2005. The estimation coefficient of other cancer mortality decreased firstly and then increased, especially after 1995.
The cohort effect on the total cancer mortality risk decreased generally. However, a great gap of variation law was observed among the malignant cancer mortality, benign cancer mortality and other cancer mortality. With similar variation law of the total cancer mortality, the estimation coefficient of malignant cancer mortality decreased stably with a slight fluctuation. The estimation coefficient of benign cancer mortality showed a wave growth and its broken line maintained at the top position. However, the estimation coefficient of other cancer mortality represented a wave decrease and its broken line was in the bottom, crossing with that of malignant cancer mortality.
Variation velocity analysis of cohort effect
To have a more accurate understanding on the variation law of cohort effect, we converted the estimated effects into odds ratio by taking 1906-1910 as reference point. Next, the odds ratio of the year subtracted the odds ratio of previous year according to the principle of numerical differentiation, which shall be positive when mortality risk increased, negative when mortality risk reduced and 0 when mortality risk remained same. If the mortality risk reduced or increased at a constant speed, the corresponding line in Figure 10 will be parallel to the X-axis. Larger distance between the line and X-axis represents quicker variation of mortality risk, while shorter distance represents slower variation of mortality risk. Similarly, if the line distances away from the X-axis gradually, the variation velocity of mortality risk accelerates, otherwise, decelerates.
It can be seen from Figure 8 that the variation velocity of cohort effect on both of the total cancer mortality and different types of cancer mortality fluctuated during 1911-2010. For the total cancer mortality, most parts of its broken line were above the X-axis (negative). Just as stated above, the cohort effect decreased generally, which had three accelerating decreases. The first accelerating decrease started from 1926-1930 to 1936-1940 . The second accelerating decrease started from 1946-1950 to 1956-1960 , accelerated by 0.11 from −0.04 to −0.15. The third accelerating decrease started from 1961-1965 to 1971-1975 , accelerated by 0.08 from −0.01 to −0.09. In Figure 10 , the variation velocity of benign cancer mortality fluctuated violently without certain law. The variation velocity of other cancer mortality also fluctuated between above and below the X-axis, which further indicated the alternation of increase and decrease of cohort effects. The velocity of increase and decrease of benign cancer mortality varied in different birth years, thus resulting in no strong variation law.
Conclusion
The age effect on the total cancer mortality shows a typical V-shaped variation trend. It decreases by 72% from Group 0-4 to Group 5-9 and then increases by more than 38 times until Group 75-79. It achieves the quickest increased at Group 30-35. Group 0-4 contributes high cancer mortality, which is certain related with the high incidence of childhood leukemia and embryonal malignant cancers before 5 years old. Viewed from the period effect during 1990-2010, the total cancer mortality decreased by 1.24% during 1990-1995 [26] . It indicates that China still has a long way to go to reduce its cancer incidence and mortality.
Viewed from the cohort effect during 1906-2010, the total cancer mortality decreased generally with four "deterioration periods" and three "improvement periods". This is closely related with China's social change in recent one hundred years. The first deterioration period (from 1916-1920 to 1926-1930) echoed with the first revolutionary war when suffered continuous wars, caused great damages to the medical and health services. cancer prevention since 1950s [27] . Particularly, the total cancer mortality had three "improvement periods". The first improvement period started from 1926-1930 to 1936-1940 . This is beginning of medical and public health service in China. The public health in rural China achieved outstanding improvements, which facilitated the effective cancer prevention and increased cancer survivals [28] . The second improvement period (from 1946-1950 to 1956-1960) was benefited from the rehabilitation and national economic prosperity after liberation. After the founding of new China, the public health services implemented in rural in 1930s was maintained, and the health-center system of counties proposed by the Department of Health was recovered and re-established [28] . Furthermore, China's basic environmental health conditions were improved effectively through "prevention-oriented" measures [29] . On the other hand, China initiated the cancer prevention since late 1950s. China determined six cancers (e.g. esophagus cancer and cervical cancer) as key prevented common cancers in 1958. National cervical cancer survey has been organizing since 1958. In 1959, the esophagus cancer was studied in four provinces and one city in North China and corresponding prevention stations were established [30] . The third improvement period (from 1961-1965 to 1971-1975) was the key period of cancer prevention in China. During this period, the National Cancer Prevention and Research Institute were founded; the first national survey on cause of death was accomplished; the distribution law and characteristics of malignant cancer mortality in China were disclosed. On this basis, a series of research institutes of cancer highincidence areas and cancer prevention were established and a cancer prevention team was trained. These contributed a great stride of China's cancer prevention during this period [27] .
Statistical analysis on malignant, benign and other cancer mortalities as well as the total cancer mortality in rural China is carried out. The results demonstrate that malignant cancer mortality has similar variation law with the total cancer mortality, while benign and other cancer mortalities have unique variation features. Since the benign and other cancer mortalities account for less than 10% of the total cancer mortality, they won't influence the variation law of the total cancer mortality. Finally, this paper also has some limitations. It involves neither gender-specific statistics of cancer mortality nor independent analysis of some harmful malignant cancers, such as lung cancer, liver cancer, stomach cancer, esophagus cancer, colorectal cancer, etc. However, a deep analysis on the variation of cohort effect on cancer mortality in rural China since 1906 is carried out in considering of China's modern history, development of health service and cancer prevention. The research results are beneficial for predicting future trend of cancer mortality in China, exploring the influence factors of cancer incidence, and providing some references to domestic and foreign cancer prevention.
